INTRODUCTION AND MOTIVATION
This paper deals with the methodology and results of a recently finished study at the Institute for Transport Planning and Systems (IVT), ETH Zurich, contracted by the Swiss Federal Railway Company's Passenger Traffic section (1) .
The study complements and extends the results which have been established in previous Swiss studies. Vrtic and Fröhlich (2) present a comprehensive mode choice model and derive the corresponding travel time and price elasticities. Vrtic et al. (3, 4) investigate the effects that potential mobility pricing schemes would have on travellers' tactical (mode choice) and strategic (long-term) decisions. Axhausen et al. (5, 6) and Hess et al. (7) compute values of travel time savings for Switzerland on the basis of mode choice models. The results are applied in the official Swiss cost-benefit guidelines for values of travel time savings that were published and updated following their works (8) .
The motivation for the present study were the rising oil prices at the time it was initiated (mid-2008), and an interest in customers' short-and long-term reactions to further fuel cost increases. At said time, the price for a litre of regular non-leaded fuel was around 2.-Swiss Francs (as of July 2009, 1.-Swiss Franc corresponds to about -.94 US Dollars). This circumstance provided the opportunity to conduct Stated Preference (SP) experiments implementing a much greater bandwidth in pricing schemes than was the case in the previous studies. In fact, a mere extrapolation of the previous results to the new price levels would possibly lead to biased forecasts, as the customers' reactions are assumed to vary with the costs. Specifically, demand elasticities are expected to increase non-linearly with rising prices. Even though the heavy fuel price increases have recently been slowed by the current worldwide economic crisis, fuel prices of 4.-CHF per litre and above remain quite imaginable in the mid-to long-term future. Corollary to fuel prices, pricing schemes in public transport may be adapted, also with more flexible margins than was previously assumed. The variation of both these cost factors constituted the basis for the SP experiments.
In the short term, the interest focuses on modelling individuals' mode choice under the modified pricing schemes while accounting for the other decision relevant variables, such as travel and waiting times. Here, the figures that the study aimed to investigate were values of travel time savings (VTTS) and demand elasticities. These were computed by the means of a first SP experiment on mode choice, in which the situations were based on trips reported by the recruited respondents during a previous phone interview. The data were used to estimate discrete choice models which yielded the relevant values.
As far as the longer term is concerned, the client's main interest was how customers' sets of mobility tools, and especially public transport season tickets, would react to the aforementioned changes. Therefore, a second SP questionnaire was designed, specifically aiming at the determinants of these choices. As an iterative and interactive approach to the respondents' ideal situation was not feasible (as pen-and-paper questionnaires were used as the survey instrument), a second-best approach was chosen, where the interviewees were faced with a choice between their current mobility tool setting (but with new prices) and an alternative fleet, consisting of a new car, a redistribution of annual mileage and the corresponding cheapest public transport season ticket. The fleet choice models were formulated as mixed multinomial logit models incorporating the two offered fleets' attributes as linear terms in the utility functions. This approach, which is fairly straightforward and -to the authors' best knowledge -new in its application, was chosen over a discrete-continuous formulation out of data considerations and in order to accommodate the client's need of understanding the trade-offs between season ticket ownership, prices and mileage. Under the assumptions that were made in the study, the results should allow revenue managers to choose optimal pricing strategies for season tickets as a function of fuel prices.
The paper is structured as follows. First, a brief overview of the data collection process, consisting of respondent recruitment and the structure and design of the SP experiments, shall be given. The same section will describe basic sample characteristics such as response rates and shares of non-traders in the SP experiments. The following section provides explorative statistics of the sample. The formulation and estimation of the mode choice and long-term decision models will be described in the subsequent sections, followed by a brief conclusion.
DATA COLLECTION Recruitment of Respondents
The data used for the study result from a Stated Preference (SP) survey. Respondents were recruited through an ongoing continuous CATI survey, in which approximately 400 persons per week are interviewed. The survey, which is contracted by the Swiss Federal Railway Company and named "Kontinuierliche Erhebung Personenverkehr" or KEP (9) , is conducted by Link and encompasses questions on respondents' socio-demographic characteristics and travel behaviour. Trips over 3 kilometres undertaken over the past week are recorded along with their relevant characteristics (origin and destination, travel and waiting times, distances, and so on).
Following the phone interview, respondents owning a car driving license were recruited for the SP survey. Limiting the recruitment process to driving license owners made sure that the car alternative presented in the mode choice experiments was realistic to the respondents. For those fulfilling the requirements and willing to participate in the study, one reported trip was selected according to the following criteria:
• If at least one car trip was reported, the longest such trip was selected;
• Else, the longest reported trip by railway was selected. The selected trip was then used to construct the personalised mode choice experiments for each respondent. Thus, the procedure made sure that every participant was presented with choice situations tailored to their actual behaviour rather than being confronted with purely hypothetical scenarios. Additional questions concerning the distribution of yearly mileage over the various transport modes and the characteristics of the respondents' equipment with cars and public transport season tickets were posed, providing the basis for the fleet choice experiments.
Over the time period from September 8 th through November 9 th , 2008 (calendar weeks 38 through 45), roughly 1'200 respondents were recruited for the study. For various reasons, 200 of the recruited persons had to be excluded from the final survey, thus resulting in a total sample size of 993 participants to which the questionnaires were sent by postal mail.
Design of the Stated Preference Experiments
Mode Choice As has been stated above, the SP experiments were designed based on the data reported by the respondents in the phone interview. This procedure is in accordance with current practice (10, 11, 12, 13, 14) and has been successfully applied in former Swiss studies on the impact of tilting trains (15, 16) and mobility pricing schemes (3, 4) . The values for the variables used in the mode choice SP experiment were derived from the trip chosen according to the abovementioned criteria. For constructing the experiments, the current attributes of the trip and its mode alternative were increased or decreased by predetermined factors. The factors that were used for this procedure are displayed in the first part of Table 1 . The existing attributes for the car alternative were derived from the Swiss network model (17) . For the rail alternative, the attributes were obtained from the Swiss Federal Railway internet timetable by the means of an automated script programmed for this purpose.
For the fuel prices, four levels ranging up to a 150 per cent increase (resulting in 5.-Swiss Francs per litre) were applied. On the public transport side, the extreme scenario incorporated a 50 per cent fare increase, as higher prices are unrealistic in the short to mid term. As far as travel times are concerned, more conservative value ranges were applied, as large infrastructure improvements are planned on neither the road nor the rail network and thus travel times should not vary substantially in the short term. In the same vein, in order to avoid irrelevant planning situations and thus create unrealistic scenarios, only the status quo or improvements in the number of vehicle changes on the public transport side were considered (that is, connections are not assumed to worsen). For the determination of the attribute combinations to be used in the SP experiments, the software Ngene (18) was used. Every respondent was faced with 6 mode choice situations, which were displayed after a recapitulative overview of their reported trip and the choice made in the reference case. For each choice situation, explanations on how the car and rail trip costs were computed were displayed. This was undertaken in order to clarify the underlying assumptions to the respondents. Specifically, the fuel prices applied for the computation of the total car trip cost as well as the assumptions made for the rail fare were detailed. The latter was of utmost importance for owners of so-called Generalabonnement (GA) season tickets. These are flat-rate cards bought once a year which entitle the holder to free use of public transport on the complete Swiss rail network and even on local networks. To avoid confusion as to why the fares in such cases were not set to zero, the additional information of how the fare was calculated (average total yearly mileage by rail divided by the cost -3'100.-Swiss Francs -of the above mentioned season ticket) was given. 
Future

FIGURE 1 Example of a fleet choice experiment (translated from German original).
Long-Term Decisions
The second part of the SP experiments consisted of 6 experiments where the characteristics of the respondents' mobility tool fleet (car and public transport season tickets) were varied, along with the distribution of yearly mileage. The attribute levels used for the variation and construction of the experiments are displayed in the second part of Table 1 . An example situation is displayed in Figure 1 . The respondent is faced with either keeping their current set (under the new fuel and public transport pricing scheme) or switching to an alternative one. Here, fuel price is assumed to increase to 3.20 Swiss Francs per litre, while public transport fares increase by 50 per cent. The alternative set is constructed as follows. The mileage distribution determined by the variables levels attributed to the choice situation is used to compute total public transport costs for three season ticket settings (no season ticket, half-fare card and Generalabonnement), the cheapest of which is chosen and displayed in the questionnaire. The other variables -fuel consumption of the alternate car and its fixed yearly costs (resulting from a redistribution of purchase costs over the average life course of a car) -result from the chosen attribute levels from Table 1 . A detailed description of how the experiment was set up was included with the questionnaire.
Response Rates
The overall response rate was at 58.3 per cent (579 respondents). Considering the response burden generated by the somehow complex survey setting as well as its length, this rate can be considered as satisfactory. It matches the experiences with comparable studies at IVT, as is shown in Figure 2 . The ex-ante response burden for the different surveys was determined according to the scheme detailed in the work of Axhausen and Weis (19) . The methodology assigns weighted scores to question types and sums them up to calculate the overall response burden of the survey. Response rates have been shown to decrease approximately linearly with response burden, and the present study fits in the corresponding context for surveys with prior recruitment.
Non-Trading Behaviour
Non-traders are respondents in an SP survey who, regardless of the offered alternatives' attributes, always pick the same alternative. In the experiments described, this is the mode that was chosen for the trip reported in the phone interview, respectively the current mobility tool fleet. A rather high share of respondents (roughly 47 per cent) in the mode choice experiments never varied their choices. The share of non-traders is slightly higher among public transport users than among those who had chosen the car in their reference trip. This may have several reasons, one of which is randomly picking the first or second alternative for every situation in order to reduce the mental effort to complete the questionnaire. Such behaviour, which may be caused by attrition due to the complexity of the questionnaire, evidently biases the outcomes of the statistical analysis of the data. Another reason could be misunderstanding of the questions. These effects can lead to decisions that are not based on trade-offs between the alternatives' attributes (20) . However, especially when respondents with a strong prior commitment to a specific transport mode are at hand, seemingly illogical choices may well reflect true behavioural response. The most prominent examples of such self-selection effects are residential location (where the location type dictates the use of a certain means of transport, for example the car in regions which are not or hardly accessible by public transport) or the ownership of season tickets (as the aforementioned Generalabonnement, which binds customers to the public transport alternative). Thus, non-trading in itself does not necessarily imply inconsistent responses. Hence, rather than excluding non-traders from the analysis (which would drastically reduce the sample size and thus the variation in the data), special care was taken to model the possible influences on individuals' choice behaviour, such as variables describing the trip (distance and purpose), sociodemographic characteristics (especially the availability of mobility tools) of the respondents, and the mode choice in the reference case. Obviously, mode choice is determined jointly by all these attributes and not solely by the travel times and costs.
As far as the long-term decisions are concerned, only 30 per cent of the respondents were identified as non-traders. This is somewhat surprising due to the slightly more complex nature of the second SP experiment, which as stated above would naturally tend to increase the share of random responses. However, the experiment clearly indicated the cost implications of choosing a specific alternative, thus simplifying the process for the respondents. This is a first indicator for the fact that individuals are willing to adapt their behaviour in the long rather than in the short run. Table 2 
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FIGURE 2 Response rates in the context of comparable studies.
A high share of respondents own public transport season tickets, as is common for surveys of the described type. In fact, public transport users tend to be more interested in transport policy issues (especially when the study is contracted by a railway operator), leading to a higher propensity to participate in the survey. As only car driving license owners were surveyed for the study and thus respondents for which car availability is impossible from the outset were excluded, the share of those regularly having a car at their disposal is slightly higher in the KEP sample than in the overall population. Compared to the KEP, the share of respondents without a car is higher in the final sample, again indicating an affinity towards public transport users. The discrepancy of the sociodemographic attributes that was observed between the sample and the Swiss population raises the question of the necessity of sample reweighting. For conducting explorative analyses, such a weighting procedure should clearly be undertaken. However, for the estimation of discrete choice models that will be described in the next section, weighting is not necessary under the condition the selectivity variables are included in the models (22) .
FORMULATION AND ESTIMATION OF THE DISCRETE CHOICE MODELS
The models for the tactical and strategic decisions made use of standard discrete choice methodology (23) , and specifically the multinomial logit model (MNL). All models that are described in the following sub-sections were estimated with the BIOGEME software package (24, 25) .
Mode Choice
Model formulation
The formulation of the mode choice models follows the form that has been introduced in the study by Mackie et al. (26) and was employed in several of the abovementioned Swiss studies (5, 6, 7, 8) . It extends the standard MNL utility formulation by continuous interactions between variables. In the present case, income and trip distance are assumed to influence the disutility generated by travel time and cost. As Hess et al. (7) state, the methodology has various advantages over the arbitrary segmentation into distance and income classes, such as the computation of deterministic taste heterogeneity, and the considerably faster estimation compared to random coefficient approaches.
The general specification of the utility function is as follows:
( ) The travellers' sensitivity of attribute x is assumed to vary with the value of attribute y. The present study considered interactions with income and distance. Normalising y with its mean assures that the linear parameter indicates the valuation of x at that point (as the interaction term then equals 1). Additionally, it was assumed that the valuation of travel time and costs would differ between trip purposes. The formulation of the final model therefore included a segmentation into the four categories commuting (work or education), shopping, business, and leisure. 
Results
The parameter estimates for the final model are displayed in Table 3 . The models were first estimated using a linear utility specification. The non-linear interactions and the purpose segmentation were then gradually added. The table shows Table 4 shows the relevant willingness-to-pay (WTP) indicators and demand elasticities for the mode choice model. The WTP indicators are obtained by dividing an attribute's parameter by the cost parameter of the according alternative. As the valuation of the cost parameter varies with trip distance and income, so do the WTP indicators. The values indicated in the table were weighted to represent the Swiss population average for the respective trip purposes. The re-weighting was done according to the procedure detailed in the paper by Hess et al. (7) . The 95 per cent confidence interval is indicated along with the mean values. For the WTP indicators relating to waiting time and number of transfers, the weighting procedure was not applied, as these attributes were included as linear terms in the utility function.
Fleet Choice Model formulation
The utility functions for the fleet choice model were formulated as a linear combination of the attributes of the current and alternate fleets. Additionally, fuel price (in Swiss Francs per litre) and the age of the current car were incorporated in the utility function for the alternate fleet, as both variables were expected to directly influence the respondents' decision to purchase a new car. Two inertia variables were included in the model, one being an intercept term for the current alternative (and thus modelling the base utility of that alternative as compared to the other one), the other a dummy variable indicating whether the public transport season ticket present in the considered alternative was the same as the current one. The model was estimated as a panel mixed logit model, meaning that a normally distributed error term was included in order to model random taste heterogeneity between respondents.
As can be seen in Table 5 , all the included parameters are of the expected sign and are statistically significant (absolute values of the t statistics above 1.96). Costs on both the car and the public transport side represent a disutility. Car costs are perceived more negatively than a public transport costs, and fixed costs more negatively than variable costs. The presence of a season ticket, especially the Generalabonnement, has a positive effect on the alternatives' utility. The reallocation of mileage from the car to public transport tends to be valued negatively. The assumption that both fuel price and the age of the current car have a positive effect on the probability of choosing a new fleet is confirmed by the corresponding parameter estimates.
A number of trade-offs for the fleet choice model is displayed in Table 6 . Of special interest are the trade-offs for the respective cost components, which indicate their relative valuation. The fact that fixed car costs are valued more negatively than fuel costs indicates a lacking willingness to invest in a new, less consumption-intense but more expensive, vehicle, even with fuel prices rising significantly.
On the other hand, the willingness to pay for a lower fuel consumption, which is given by the ratio of the parameters for the fixed costs and consumption, amounts to 320.-Swiss Francs per litre saved on a one-hundred kilometre distance. Aggregated over the assumed ten year long life duration of a vehicle, this results in a total amount of 3'200.-Swiss Francs. The ratio of the season ticket price and variable public transport cost parameters is even higher. Thus, respondents are willing to pay the costs for a season ticket only under the condition that a sufficient amount in variable costs can be saved. This is also indicated by the ratio of the Generalabonnement parameter and the costs. Compared to a fleet that does not include a season ticket, the utility of one that has a Generalabonnement in it is equal at about 3'800.-Swiss Francs higher costs. This amount constitutes the willingness to pay for a Generalabonnement, when the corresponding savings in variable costs are provided. The analogous willingness to pay for a half-fare card is at 350.-Swiss Francs.
The ratio for the season ticket price and fuel costs parameters is 1.3. This can be interpreted as follows. When replacing the half-fare-card by a GA, equal utility is reached when variable car costs are reduced by 3'700.-Swiss Francs (the difference in season ticket prices multiplied by the aforementioned factor). At the mean fuel consumption (8 litres per 100 kilometres) and a 2.-Swiss Francs per litre fuel price, this corresponds to a reallocation of yearly mileage of about 23'000 kilometres. Thus, an individual acquiring a Generalabonnement sees this step as a commitment to public transport, which is amortised by travelling more by that mode.
At the same time, the utility is reduced by the additional public transport mileage. With rising fuel prices, willingness to pay for a Generalabonnement, respectively the propensity of acquiring one at the present price and reassigning mileage to public transport increases. Assuming fuel price will double and attain 4.-Swiss Francs per litre, acquiring a Generalabonnement at the current costs of 3'100.-Swiss Francs will be profitable when 11'000 kilometres are shifted from car to rail (as the 3'700.-Swiss Francs savings in variable car costs is then given).
From the estimated parameters, choice probabilities for possessing no public transport season ticket, a half-fare card, or a Generalabonnement, were computed under various pricing scenarios. The results are shown in Figure 3 . The 2.-Swiss Francs per litre fuel price and zero increase in season ticket costs form the base scenario. Today, about 28.5 per cent of Swiss residents own a half-fare card, while approximately 4.9 per cent are Generalabonnement holders. At the current fare setting, fuel price increases would lead to season ticket holder shares of up to 40 per cent in the 5.-Swiss Francs per litre scenario. At the same time, when fuel prices do not increase or do so only moderately (as can be realistically assumed after the recent developments), season ticket sales can only be increased if fares are held constant. In fact, as shown in Table 6 , the direct price elasticity for the Generalabonnement is at about -1.2, while the cross elasticity is quite low (1). 
CONCLUSION AND OUTLOOK
The findings in this paper suggest that, even if fuel prices should again increase dramatically, certain inertia in both short term mode choice and long term mobility tool ownership and mileage distribution (fleet choice) is present. Price elasticities computed from the discrete choice models suggest that respondents are more sensitive to public transport price increases than to rising fuel prices. Thus, if the demand for rail services and season ticket sales is to be maintained, no wide margin exists for increasing public transport fares. Travel times on the other hand appear to be of greater importance in determining mode choice. These findings are interesting in view of the major improvements to the Swiss rail infrastructure that are to be made in the near future, such as the opening of the Gotthard basis tunnel. Feedback effects of such improvements on the share of public transport season ticket holders cannot be ignored and should be thoroughly investigated in the future, as they hold a significant potential for modal shifts if the fares are held at the current level.
